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(g) Srake^nftiated reiease of an eiectrfc motor driven cruise centre* apparatus. 



S§) in an eiectric motor driven automotive cruise 
control apparatus, the engine throttle (82) is progres- 
sively reieasad upon actuation of the vehicle service 
brakes to avoid objeciiooabie pedai slap noise. The 
release is initiated by She electric motor {10). which 
drives the engine throttle toward its closed trest) 
position wfsiie maintaining engagement of a ckilch 
mechanism (60) connected therebetween, if ihe du* 
ration of the brake actuation exceeds a reference 
interval sufScieraiy icng as to indicate potentially 
fsj ficsnt Oraki ffort ulch m x:ha iisrn is 

<£tmTKdn jiy i ses saged to <ai i J 
__to its closed position without further deiay, if the 
^duration of she brake actuation is iese fban the 
<r« reference interval, engagement of ihe clutch mecha- 
jjjnism is maintair it + ne eieetr c -lotor has re- 
fumed the engine throttle • xjsitien. 
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iftAK&fNmATED BSLEA8E OF AH ELECTRIC MOTOR DRIVEN CRUiSE CONTROL APPARATUS 



This inveniton relates to etecfrfc motor driven 
cruise control apparatus for motor veoides, and 
mors particularly to a control apparatus for dis- 
engaging {no cruise control apparatus upon ac- 
tuation of the vehicle brakes. 

In ths motor vehicle vernacular, the term cruise 
control is used in referring to an arrangement 
which controls the powerfrain of the vehicle to 
maintain a selected vehicle cruising speed. The 
present invention is directed to a cruise control 
apparatus which achieves such control by adjusting 
me throttle position of an internal combustion en- 
gine mih art electric motor, in normal operation, the 
electric motor is inactive and the driver of 1ft© 
vehicle controls the position of the throttle by man- 
ipulating an accelerator pedal mechanically coup- 
led thereto, in cruise control operation, me driver 
releases the accelerator pedai, and the electric 
motor is activated to suitably adjust the throttle 
position for maintaining the selected vehicle speed. 

A hallmark of any cruise control apparatus is 
that ihe terottie control is automatically released 
upon driver actuation of the vehicle service brakes. 
Such a release is referred to herein as a brake- 
irsiiiatad roieese in ( 

meets, the release may be achieved by de-clutch- 
ing She electric motor from the throttle. While this 
achieves a quick release of the cruise control, the 
accompanying movement of the accelerator pedal 
can produce an annoying noise, referred to herein 
as pedal slap. 

The present invention is directed to an im- 
proved electee motor driven cruise control appara- 
tus having a clutch meohenfsrn connected between 
the electric motor and the engine threfite and a 
progressive torake-iriiifeted release of the throttle 
control which avoids the production of objection- 
a&ie pedal siap noise. 

To this end, a control apparatus of a cruise 
control apparatus in accordance with the present 
invention is characterised by the features specified 
in the characterising portion of Claim f . 

According to this invention, release of the throt« 
!te control upon actuation of the vehicle service 
brakes is initiated by using the electric motor to 
drive *ba engi it wd its c osed ;rs^t! 
position while maintaining engagement of the 
clutch mechanism, if the duration of the brake 
actuation exceeds a reference interval sufficiently 
Ic N to - Scats potential! s fnificant braking 
effort, the clutch mechanism is immediatsiy dis- 
e to ts closed 

position *m e i -afcon of the 

crake actuation is iees than the reference interval. 



engagement of the ciute i n t n is mamta neo 
until the efectric motor has returned the engine 
throttie to its rest position. 

The progressive release provided by this in- 

5 ventton thereby eliminates the production of psda; 
step noise =n response to one? actuation of the 
service brakes. When the braking is prolonged, and 
thorsfors potentially significant, the pedai slap 
noise is at ieaot ie; ened t ~ " c " ;« j 

to stve retease during the reference interval. 

The press i - n wii now be described, 
by way of example, with reference to the accom- 
panying drawings, in wttich:- 

Rgure 1 is a diock diagram of an electric 

?s motor driven cruise control apparatus fncfcding a 
computer based controller for carrying out the con- 
trol functions of this invention; 

Figures 2 - 5 are circuit diagrams depicting 
certain of the functional blocks of Figure 1 in more 

sa detail; 

Figures 6 and 7 graphically depict bra&e- 
initiated releases according to ihis Invention. 

Figure 8 depicts the release for a brief ac- 
tuation of the brakes and Figure ? depicts the 
release for a prolonged actuation of the brakes; and 

Figures 8 - 14 set forth flow diagrams repre- 
sentative of computer program instructions execut- 
ed by the computer based controller of Figure 1 in 
carrying out the cruise control and the control 
30 functions of -his invention. 

Figures 1 - 5 depict an electric motor driven 
cruise control apparatus incorporating the erate« 
initiated throttle release of this invention. A d< 
as description of such apparatus, including the flow 
diagrams of Figures S - 14, is set forth in US 
Patent No. 4,684,388, and incorporated herein by 
reference. 

Tiis reference numeral 10 geoeralty designates 
«e an eiectnc: stepper footer having a permanent mag- 
net rotor 12 and (three-phase WYE-connected) sta- 
te* windings 14a - 14c. One terminal of each staler 
winding 14« ♦ 14c is connected to the positive 
term r i i f ' , > I 18 via lira 

4S 18 and an ignition switch 20. The oiher terminal of 
stater winding 14a is connected to the phase driver 
22; the other terming of stater winding !4o is 
connected to the phase driver 24; and the other 
terminal of stater winding 14c is connected to the 
so phase driver m 

The phase drivers 22 - 26 and various other 
circuit blocks depicted in Figure i are operated at 
a re-atlveiv 

vided by a voltage register 23 on line 30 The 
connection of such voltage to certain of the circuit 
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blocks is indicated by the circied §V designatiori. 

Phase drivers 22 - 28 each ineiede a power 
switching device which is turned on and off by a 
computer based controller 32 to alternately en- 
ergise and deenergfee the respective slater win- 
dings 14a -14c in predetermined sequence for pro- 
iu Bg a r >tat 3 ignetic field in the staler of 
electric stepper motor 10. The phase drivers 22 - 
SB are essentially the same, ihe phase driver 22 
being shewn in greater detail in Figure 3. As set 
forth therein, the phase driver 22 comprises a 
power PET 34 connected between the slater wind- 
ing 14a and ground potential via line 36, s free* 
wheeling diode 38 for circulating inductive energy 
stored in the staior winding 14a at tum-c;f and a 
zero crossing detector circuit 40. The power FET 
34 is hissed en and off by the computer based 
controller 32 via line 42, which is connected to the 
gate of FET 34 through an AND gate 124, 

The zero crossing detector circuit 40 includes 
a comparator 40 which compares an offset of the 
stater winding voltage with a reference voitage, 
thereby to provide computer based controiier 32 
r s ,!«» s f ion on line 48 for use in 
suitably comroutating She staler windings 14a - 14c. 
The winding voltage is applied to She noninverling 
input of comparator 46 through a voltage divider 
comprising resistors 50 end 52. The reference volt- 
age is defined by a voltage divider comprising 
resistors 84 and 66. * 

The permanent magnet rotor 12 of electric 
stepper motor 10 is mschanieaSSy connected 
through a reduction gearset end clutch assembly 
80 {selectively engageabie clutch mechanism) to 
an engine throttle 82. The engine throttle 82 is also 
mechanically connected via a suitable linkage 63 to 
a {driver manipulated) accelerator peda! 64. When 
the cruise centre! is active, the eiectric stepper 
motor 10 controls the throttle position through the 
reduction gearset and clutch assembly 80; when 
the cruise control is Inactive, the driver controls the 
throttle position through the linkage 63. A return 
spring 88 biases engine throttle 82 toward a closed 
position. 

The cfcteh of reduction gearset and clutch as- 
sembly 60 is selectively activated by a solenoid 
coil m to make or break the mechanical connec- 
tion between permanent magnet rotor 12 and en- 
gine throttle 02. The energization of solenoid coil 
86 is controlled by a clutch control circuit 88 via 
line 88, the duton :ontr£ ircuit be rg aescr>csa r 
greater dets:i beiow in reference to Figure 2. A 
reduction gearset and dutch assembiy 80 meeting 
the above description is set iorth in detail in US 
Patent No, 4,843,038, and incorporated herein by 
reference. 

The reference numeral 70 genereiiy designates 
a plurality >f triver put < sits eninent tc 



hide speed control, each comprising switches ?2, 
acted between 

ins downstrssi I t ;h 20 and She 

computer based controiier 32. The ON/OFF switch 

s 72 Is connected 10 ins computer based controller 
32 through RC network 74 and input Sins 76. 
ON/OFF switch 72 is actuated oy She driver to 
-i - :ontro *urc 

fion. The brake fSR} switch 78 is connected so the- 
re computer based controller 32 through RC network 
80 and input line 82. Brake switch 78 is normally 
closed, and is opened whenever the service brakes 
of the vehicle are operated. The ON/OFF ana 8R 
switches 72 and 78 also provide inputs to the 

m clutch control circuit 88 via tires 1 80 and 186. 

The set/coast {S/Q switch 34 is connected to 
the compytei- based controller 32 through RC net- 
work 88 and input line 88, Sst'coast switch 84 is 
normally open, and is closed momentarily or con- 

m tmuousiy by the driver to set a desired vehicle 
speed or to coast to 3 , 3 peed 
resume/accei (R/A) switch 80 is connected So the 
computer based controller 32 through RC network 
92 and input line 04, Resunwsceel switch 90 is 

25 normally open, and is dosed momentarily or coo- 
tinuousiy by the driver to resume a previously set 
speed or to acosierate to a higher vehicle speed. 

A vehicle speed signal N v on line 88 is applied 
to Input conditioning circuit 98 which supplies ft 

so vehicle speed feedback signal to computer based 
controller 32 via input line 100. As set forth in 
Figure 5, the input conditioning circuit 88 includes 
a capacitor 102 which is charged by the 8*voi? 
supply through a resistor 104 and discharged by 

,35 the vehicle speed signal N v through resistor 106 
and diode 108, A capacitor 110 is for transient 
suppression. The voltage across capacitor 102 
thereby provides an indication of the vehicle speed 
and is applied to the inverting input est operational 

40 amplifier 112. An offset vi t e defined t ago 
divider resistors 114 and 118 is applied So she 
noninverting input oi ,< ■ fitter 112. .As a 

result the s > ft! am- 

plifier 312 on input line 100 provides an Offset 

<s§ indication of the vehicle speed signal N v , 

A watchdog circuit: 3 20 cooperates wish the 
computer based controller 32 in a conventional 
manner to detect the occurrence of a controller 
malfunction, in the event of e malfunction, She 

50 watchdog circuit 120 operates to aeenergtee the 
stater windings 14a -14c via line 122 and AND 
gates 124 » i 28 So chef gearset 

and clutch assembly 80 via line 122 and clutch 
control circuit 88, and to reset the computer based 

ss controiter 32 via line 130. As set fcrth In Figure 
wetctvdog circuit 120 comprises an RC osciilalor 
132 and a reset logic circuit 134. RO oscillator 132 
< v m-i«- < 25 
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Hz, mi 8s out 

to exclusive NOR gat© 138. The other input to the 
NOR gate 138 is supplied by computer based 
controller 32 on lino 140. The output of NOR gate 
138 Is applied as an input So computer based 
conifoiler 32 via fine 142. end also as an input to 
exclusive NOB gate 144 through RC network 148. 
Tba periodic voltage transitions on fine 142 signal 
the computer based controller 32 to drive the 
(output) line 140 to the same voltage level. Unfit the 
computer based controller 32 responds, the output 
of exclusive NOR gate 13S falls to a logic sera 
voltage potential allowing capacitor 148 of RC net- 
work 146 to disctoga. 

irs norma! operation, the computer based con- 
trailer 32 quickly responds to the voltage transitions 
on lino 142 and the output of exclusive NOR gate 
138 is returned to a logic one voltage potential. 
Since the output of HOR gate 138 is low for only a 
short period of time, the capacitor 148 remains 
charged at a relatively high voltage leva!, and the 
output of exclusive NOR gat® 144 ts maintained at 
a logic one voltage potential. Transistor ISO, which 
is connected to the output ot NOB gate 144 
through resistor 152, is maintained conductive, 
holding the reset Input (R) ot computer based 
controller 32 sybsiaoliaily at ground potential. 

« a malfunction prevents computer based con- 
troller 32 from properly responding i© the voltage 
transitions on tine ;42, NOR gate 138 remains at a 
logic zero voltage potential and capacitor 148 be- 
comes substantially discharged. As a result, the 
output of NOR gale 144 fails to a logic zero voitage 
pctsfstial At $ych point, line 122 signals the AND 
gates 124 - 128 to tieeoergiae stater windings 14a 
-14c, and the clutch control circuit 68 to disengage 
She dutch of reduction gsarset and clutch assem* 
bly §0, In addition, transistor tSO is biased noncoo- 
ducfive, and resistor 154 raises line 130 to a rate- 
tivsiy high voitage potential to effect a reset of the 
computer based controller 32. The voltage transi- 
tions oo line 142 continue to occur and when the 
computer based controiler 32 properly responds 
thereto, the watchdog circuit 120 operates as de- 
scribed in the previous paragraph. 

The ciulch control circuit §8 depicted in Figure 
Z iontrofs the • ~v r noid eoii 66 v a 

tine 63. The energization current lor solenoid coil 
66 is supplied from the downstream side of 
ON/OFF switch 72 through line 180 and the 
emitter-collector circuit of transistor 182. As such, 
the electric stepper motor 10 can only effect ad- 
justment of engine throttle 62 when the ON/OFF 
switch 'i s N OFF switch 

72 is moved to the OFF position {opened} the 
solenoid coif 86 is deenergiaed and the engine 
throttle 82 l\ idsnt upon the 

position of accelerator pedal 84, A Zener diode 183 



protects the translator 162 when the solenoid coif 
88 is deenergized. 

Whenever the ON/OFF switch 72 is dosed, the 
energization of solenoid coil 86 is controlled in 
s accordance with s clutch command signs; provided 
by the computer base-c controller 32 on fine 184 
and a brake switch si 

switch sigra is ita &. < wnstrearo M<& 

of drake switch 78, which is closed when the ser- 

50 vice brakes are not in use and open when She 
service brakes are being applied. The clutch com- 
* mand signal on line 184 is applied directly as an 
input to an AND gats 182, The brake signal on line 
186 is applied as an input to AND gate 182 through 

?s the diode 170 and an RC network 172 con • ■ 
resistors 174 - 178 and the capacitor ?3& The 
output of AND gate 132 is appiied through the 
resistors 183 and 184 to the base terming! ot 
Darlington transistor 186 for controlling its condue- 

sq tton. The output circuit of Darlington transistor 188 
is connected to the base terminal of transistor 182 
through a divider comprising the resistors 188 and 
180. 

If the ON/OFF switch 72 is closed and the 

as vehicle service brakes are not applied, the capaci- 
tor 180 is charged through diode 1 70 and resistor 
174. In such state, the output of AMD gate 182, and 
hones the concoction of transistors 188 and 182, is 
controiied in accordance with the dutch command 

30 signal on line 164. When the dutch command 
signal is high, the output of AND gate 182 is high 
and the transistors 188 and 162 are hissed conduc- 
tive to energize the solenoid coil 86 tor engaging 
the clutch. When the clutch command signal is low, 

as me output of AND gate 182 is low, biasing the 
transistors 186 and 162 nonconductive tor deener- 
gizing the solenoid coil 88. 

When the vehicle service brakes are applied, 
however, the brake switch 78 opens and capacftsr 

w 180 begins discharging through the resistor 178 
and 178. Concurrently, the brake actuation is 
sensed by the computer based controller 32, which 
energizes the electric stepper motor 10 so as to 
drive the engine throttle 82 toward its closed {rest} 

4& position. When the service brakes are released, the 
brake switch closes once again to recharge she 
capacitor 180. 

fn 'he event o f a - J t atson of 'he 

service brakes, as would occur during an uninten» 

so tfonai or aborteH i he voitage at 

input 182 of AND gate 182 never falls to a logic 
zero voltage potential- in such case, the output of 
AND gate 182 remains high to maintain energka- 
aon of the -o^sc coil 88 <> i he om s 

m based centre er 

of the engine throws 63 to lis; closed position. 
When the engine throttle 82 reaches its closed 
position, the clutch command signal on line 184 
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changes state. This toggles the AND gate 182 to 
Its tew state, biasing me transistors 186 and 162 
nonconductive to disengage to* clutch. This site* 
agon is graplttoaSy illustrated te Rgure 6. where 
Craph A depicts a service brake actuation of less 
than interval T A . and Graph 8 depicts the progres- 
sive mtom of the engine throttle 88 to its dosed 
pot time T 3 

In the event of pre , t on or 
vies brakes, toe capacitor i8G discharges and the 
voltage at toe input 182 of AND gate 182 falls to a 
< g / t i he aitf ^< o t- 

put of AND gate 162 becomes low to interrupt 
< 69, ova ding > e 
progressive iolaase initiated by the computer 
based controller 32. This situation is graphically 
illustrated In Figure 7, where Qraph A depicts a 
service &rsake actuation in excess of She interval T A , 
snd Graph B depicts the immediate return of too 
engine throttle 82 to its closed (rest) position 
through disengagement of the dutch at the expira- 
tion of toe interval T A , 

A similar override of too clutch commend sig- 
nal on line 164 is effected by the watchdog circuit 
120 In the event of a controller malfunction. The 
line 122 is connected to the junction of resistors 
183 and 184 through diode t93, and serves to 
independently bias the transistors 186 and 182 
noncondiiotf/s to tieenergtee the soienoid coii 88- 

A feedback signal indicative of the state of 
ciutoh controi circuit 68 is provided to computer 
based controller 32 or. line 194. The feedback 
signs; is generated oy a diode and BC network 
186, which provides a filtered indication of the 
voltage on {coii energisation) line 69. 

in addition to controlling the energization of 
stator windings 14a ~ 14c and the solenoid coii 86, 
to® computer-based controller 32 operates a driver 
indicator lamp 196. Essentially, the driver indicator 
lamp 198 is lit whenever toe vehicle speed controi 
function is active. The driver indicator temp 198 is 
connected between the (battery supply) line 18 end 
ground potential via Darlington transistor 1S7, and 
computer based controller 32 controls the conduc- 
tion of Darlington transistor 197 via line 138. The 
Zener diode 199 protects Darlington transistor W 
from damage doe to voltage transients. 

The flow diagrams of Figures 8-14 represent 
computer program instructions executed by the 
computer Cased controller 32 in carrying out toe 
cruise controi and the progressive brake initiated 

of Figure 8 represent s iCKgrowd pro- 

gram loop wi - - - e apes us inputs ser- 
vices the watchdog circuit 1 20 and determines the 
desired electee stepper motor 10 position. The 
remaining flow diagrams pertain to an interrupt 
service routine and various subroutines called 



thereby in response to a time; generated imarropt 
e mc-i iati 3 tc -djust : n© de* 
sired motor speed, If necessary, A detailed de* 
scription of the various routines Is set forth in the 

s above-referenced US patent No, 4,884,888, and >s 
not repeated in its entirety here. 

The progressive brake-initiated release of the 
engine throttle 62 to its closed frost) position Is 
carried out by the (MTR CONTROL subroutine) 

n flow diagram portion 288 of Figure 12, Referring to 
r jurs 1 t • j n r 1 rmines i 

the CRUISE flag is set The state of the CRUISS 
flag, is controlled by the background program ol 
&gu(8 C n sc.- * 

is 72, 78, 84 and 90 fo ind c =>teer the < ruse 5 
control is active. If the cruise control is active - 
that is, both ON/OFF and BR switches 72 and 78 
closed «• the CRUISS flag is set, if the cruise 
controf is inactive -- that Is, OMOF-F or BR switch- 

so es 72 and 73 open ~ she CRUISE flag is cleared. 

ii decision block 290 is answered in toe affir- 
mative, the biocks 292 - 394 are executed to light 
the driver indicator lamp 198 and to initiate motor 
control if the clutch has been engaged for at least a 

m hoto period, if decision biock 298 is answered in 
the negative, the instruction block 308 is executed 
to extinguish the driver indicator Sam© 186 and toe 
brake-initiated release logic of iiow diagram portion 
2SS is executed progressively release the cruise 

so control If required. 

Rafarring now to the flow diagram portion 288, 
the decision biock 388 is first executed to deter- 
mine if the service bake is actuated. If not, the 
instruction biock 309 is executed to engage or 

as maintain engagement of the clutch, if the service 
brake is actuated, ihe bioefcs 310 * 318 sre ex- 
ecuted io disengage She clutch after energizing ihe 
electric stepper motor iO to progressively return 
the engine throttle 62 to its closed position. The 

oo instruction biock 3iQ sets ihe desired motor posi- 
tion M-POS-DES to aero. The decision block 312 
determines if the electric stepper motor has ac- 
tually returned to toe "sere torottie" position, ft so, 
the instruction biocks 314 - 31 8 are executed to 

45 turn off toe stater windings 14a - 14c and the 
solenoid coii 66 and to set various Rags and timers 
in preparation for the next motor operation. If ihe 
electric stepper motor 10 has not yet attained the 
"aero throtoe" position, the motor control logic of 

so Figure 13 is executed as indicated by the flow 
diagram Sine 318. 

in toe manner described above, the engine 
throttle 92 Is i sgt s sty re to its closed 
(rest) posit 1 >f 1 e ve» 

ss hioie brakes so as to eliminate or at least reduce 
pedat step noise o „ -v* <^ *• ini- 

tiated fey the etectrio motor drive, which may be 
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cvarhdden by 8te dutch control circuit 68 If the 
duration of fhe braking exceeds the reference inter- 
val defined by the RC network 172. 



Claims 

1. A control apparatus for releasing the control 
of a cruise control apparatus of a motor vehicle 
upon actuation of a vehicle service brake, the 
cruise control apparatus including art electric motor 
(tO) mechanically coupied to an angina throttie (62) 
of the mot > 1 v \ engagea* 

ble clutch mechanism {80}, the control apparatus 
feeing characterised by first control moans effective 
in response to actuation of the vehicle service 
bralos for energising the electric motor {10) in a 
manner to progressively return the engine throhie 
{82) to a feet position whiie maintaining engago- 
meat of the selectively engageable clutch media* 
item #0} until ihe motor position indicates that 
said rest position has been substantially achieved; 
and second centra! means effective in response to 
actuation of the vehicle service drake beyond a 
predetermined interval Indicative of potentially sig- 
nificant bratong effort to disengage the selectively . 
engsgeabie dutch mechanism (60), thereby over- 
riding the progressive return initiated by the first 
control means, so as to reduce coupling and pedal 
noise caused fey sudden disengagement of the 
selectivity angageahie clutch rnschanism. 

£ A controt apparatus as ciaimed in Claim 1 , 
wherein the first control means generates a ciutch 
command fcr maintaining engagement of the seise- 
lively eogage&bie cluich mechanism {60) until the 
motor position indicates that the rest position has 
been substantially achieved; and wherein ihe sec- 
ond control means is effective to control engage- 
ment of the selectively engageabie ciutch meeha* 
nism {80} in accordance with the ciutch command 
generated by the first control means. 

3, A control apparatus as claimed in Claim 2, 
wherein the second control means includes brake 
responsive means far generating an override con- 
trol signal if tie service brake has been actuated 
beyond ihe predetermined interval; and clutch 
mechanism control means responsive to the clutch 
command ana the override centre! signal, and ef- 
fective 0) Sn the absence of the override controt 
signal to selectively engage ihe selectively en- 
gageabie ciutch mechanism p)> in accordance 
with ihe ciutch command, and (2) in the presence 
of the override signal to disengage toe clutch 
mechanism without regard to the ciutch command. 

4. A method of operation for reiessing the 
control of a cruise control apparatus of a motor 
vehicle upon actuation of a vehicle service brake, 
toe cruise control apparatus including an electric 



motor {10} mechanically eoupisd to an engine 
throttie 562} of ihe t c hi se e> • 

tiveiy engageabia clutch mechanism (80), ihe 
method comprising the steps of: energising she 
efec&sc motor (10) in response to actuation of toe 
vehicle service brake in a manner ■<:> progressively 
82) to a rest position 
white maintaining engagement of the selectively 
engageafete cluich mecfianism (80) until Ihe motor 
position indicates that the rest position has been 
substantially achieved; and disengaging the selec- 
tive jy engages! > f > in es£ ; se to 
actuation of the vehicle service brake beyond a 
rsdete min J indicative of stomla v si - 
niticam braking effort, thereby overriding the pro* 
gressive return initiated at toe onset of the brake 
actuation. 
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